Nipple-sparing mastectomy (NSM) has become the mainstay in the treatment of oncologically appropriate breast cancer as well as surgical prophylaxis for high-risk patients.
INTRODUCTION
Nipple-sparing mastectomy (NSM) has become the mainstay in the treatment of oncologically appropriate breast cancer as well as surgical prophylaxis for high-risk patients. [1] [2] [3] [4] [5] [6] [7] [8] Preservation of the nipple-areolar complex (NAC) and breast skin envelope has allowed plastic surgeons to optimize cosmetic results with implant-based and autologous techniques. [9] [10] [11] [12] [13] [14] Maintaining the viability and form of the native breast skin envelope is therefore critical in obtaining ideal reconstructive and aesthetic outcomes. Ischemic complications, including mastectomy and NAC necrosis, can be devastating, affecting overall reconstruction and patient satisfaction after NSM. prevent ischemic complications. [34] [35] [36] Conversely, anatomic factors that influence perfusion has been relatively overlooked. Although the importance of relative mastectomy flap thickness and anatomic dissection is emphasized by plastic surgeons, a large-scale, objective evaluation of preoperative breast skin and subcutaneous tissue thickness to the level of the superficial fascia, or breast capsule, and postoperative NSM flap thickness on ischemic complications is lacking.
Breast magnetic resonance imaging (MRI) is increasingly being used as a screening, diagnostic, and monitoring tool in the treatment of breast cancer. [37] [38] [39] [40] [41] The availability of pre-and postoperative MRI provides a unique opportunity to evaluate anatomic parameters, including preoperative skin and subcutaneous thickness to the breast capsule level, and their resultant changes after NSM. We therefore aim to utilize pre-and postoperative breast MRIs to quantify mastectomy flap thickness before and after NSM while subsequently elucidating the influence of flap thickness on ischemic complications and outcomes in breast reconstruction after NSM.
METHODS
All NSMs performed from 2006 to June 2016 at NYU Langone Medical Center were reviewed. NSMs undergoing immediate implant-based and autologous reconstruction with available preoperative and/or postoperative breast MRIs were identified. NSMs that had any fat grafting procedures were excluded. All NSMs were performed using sharp dissection with electrocautery minimized to only as needed for hemostasis. Frozen subareolar NAC biopsies were routinely utilized.
A blinded reviewer measured NSM flap thickness for pre-and postoperative MRIs utilizing PACS software on sagittal and axial images acquired using a dedicated breast coil on 1.5-Tesla and 3-Tesla magnets with T1-weighted nonfat suppressed volumetric scans and high-resolution postcontrast scans as demonstrated in Figure 1 . The thickness of skin and subcutaneous tissue to the breast capsule level was measured on preoperative MRIs in these NSMs; this measurement is here forward referred to as preoperative NSM flap thickness. On postoperative MRIs, NSM flap thickness was measured from the skin to the level of the pectoralis muscle, acellular dermal matrix, implant capsule, or plane of autologous donor site tissue depending on reconstruction. Measurements were averaged from 12 different locations on each breast (Fig. 1) . Three measurements were taken on superior and inferior flaps each, in the sagittal plane, and on medial and lateral flaps in the axial plane. These 3 measurements corresponded with anterior, middle, and posterior locations taken at one-quarter, one-half, and three-quarters the length of the total anteroposterior distance of each breast.
Patient demographics, intraoperative variables, and reconstructive outcomes were collected and analyzed. Ischemic complications were defined as major and minor mastectomy flap necrosis or nipple-areola complex necrosis, defined as those managed with debridement or local wound care, respectively. Patients were grouped into 3 cohorts: those with preoperative imaging, those with postoperative imaging, and those with both pre-and postoperative imaging. Operative variables, including NSM flap thickness, were stratified by NSMs with and without ischemic complications.
Descriptive statistics and measures of central tendency were used to describe absolute and mean results. Student's t tests were used to analyze binary data sets; chi-square analysis was used to compare proportional responses. All statistical analysis was performed using GraphPad Software, Inc. (La Jolla, CA). Univariate analysis with odds ratio calculation was utilized to identify specific NSM flap thickness as an independent risk factor for ischemic complications. P values of less than 0.05 were deemed significant. Table 1 . Preoperative NSM flap thickness based on MRI measurements were then compared between those NSMs with and without postoperative ischemic complications. NSMs with ischemic complications were found to have significantly greater average preoperative anterior NSM flap thickness (P = 0.0333; Table 2 ).
RESULTS
NSMs with postoperative breast MRI imaging who did and did not have ischemic postoperative complications were then compared. Of the 60 NSMs with postoperative MRI imaging available, 10 (20.0%) had ischemic complications. Demographics are presented in Table 3 . NSMs with ischemic complications were found to have significantly thinner overall (P = 0.0280) and posterior (P = 0.0208) postoperative NSM flap thickness (Table 4) .
Scatter plots of overall postoperative NSM flap thickness measurements based on MRI imaging were created for NSMs with and without ischemic complications. These plots intersected at a value of approximately 8.0 mm (Fig. 2) . Similarly, mean NSM flap-thickness measurements for both groups centered about a value of approximately 8.0 mm. A flap thickness of approximately 8.0 mm was thus identified as a potential threshold value for mastectomy flap thickness predicting ischemic events. Therefore, NSMs with postoperative MRI imag-ing were divided into those with average overall NSM flap thickness of greater than or less than 8.0 mm. Demographically, those with flap thicknesses of less than 8.0 mm were significantly more likely to undergo prior chemotherapy (P = 0.0135), have stage IA disease (P = 0.0297), undergo adjuvant chemotherapy (P = 0.0021), have an inframammary fold incision (P < 0.0001), and undergo immediate implant reconstruction (P < 0.0001). Other demographics were equivalent between the 2 groups. Ischemic complications were then compared between these 2 groups. Those with average overall postoperative NSM flap thickness less than 8.0 mm had significantly greater incidences of ischemic complications (P < 0.0001). Average overall postoperative NSM flap thickness less than 8.0 mm was also found to be an independent predictor of ischemic complications (odds ratio, 6.5263; P = 0.026).
NSMs with preoperative and postoperative breast MRIs in which both imaging studies had been performed were then compared. NSMs with both preoperative and Seven NSMs were in patients with a smoking history, whereas no patients had diabetes mellitus. Thirteen cases (68.4%) were for a therapeutic indication. Three cases had undergone neoadjuvant chemotherapy, whereas 1 underwent preoperative radiation. Five and 3 NSMs underwent adjuvant chemotherapy and radiation, respectively. Eight NSMs underwent tissue expander-based reconstruction, 9 underwent immediate, permanent implant reconstruction, and 2 underwent abdominally based autologous reconstruction. Average follow-up time was 42.92 months.
In these cases, average total preoperative NSM flap thickness was 11.9 mm (anterior, 7.3 mm; middle, 12.7 mm; posterior, 15.6 mm). Meanwhile, average total postoperative NSM flap thickness was 8.0 mm (anterior, 5.7 mm; middle, 7.0 mm; posterior, 11.4 mm). The overall average postoperative NSM flap thickness was 68.2% of the overall average preoperative NSM flap thickness and was significantly thinner than average overall preoperative NSM flap thickness (P < 0.0001). Moreover, average postoperative flap thickness was significantly less than average preoperative flap thickness with regard to anterior (P = 0.0154), middle (P < 0.0001), and posterior (P < 0.0001) breast planes.
In this group, 5 NSMs (26.3%) had ischemic complications: 2 incidences each of major mastectomy flap necrosis, minor mastectomy flap necrosis, and partial NAC necrosis (10.5%) with 1 incidence of complete NAC ne- 
DISCUSSION
NSM is associated with excellent aesthetic results and oncologic outcomes that seem equivalent to traditional mastectomy techniques, such as total and skin-sparing mastectomy.
1,2,6,7,10,20,42 However, reconstructive outcomes and risk factors for reconstructive complications in NSM continue to be defined. [9] [10] [11] 14 Smoking, obesity, periareolar mastectomy incisions, radiation, and chemotherapy, among other factors, have all been identified as risk factors for adverse outcomes, specifically ischemic complications, after NSM. 9, 11, 19, 43 Meanwhile, NSM flap quality at the time of breast extirpation and reconstruction may be considered the principal determinant of subsequent ischemic sequela. 9 However, mastectomy flap thickness as related to ischemic complications has not yet been fully evaluated in NSM.
The glandular breast tissue is encapsulated by a superficial breast fascia. 44 This fascia separates the breast tissue from the overlying skin and subcutaneous tissue, representing the ideal plane of dissection during a mastectomy. The superficial subcutaneous anatomy of the breast is particularly important to the perfusion of the native breast skin and NAC after mastectomy, which relies on perfusion from the subdermal plexus and perforators in the subcutaneous plane. [38] [39] [40] Dissecting the breast in a plane deep to this fascia risks incomplete oncologic resection while overaggressive suprafascial dissection thins the mastectomy flap, compromising blood flow and risking mastectomy or nipple-areola complex necrosis. Prior studies on breast anatomy have suggested the variability of this subcutaneous tissue layer thickness. Larson et al. 45, 46 demonstrated that the dermal thickness ranged from 3.0 to 16 mm and subcutaneous tissue from 0 to 29 mm, correlating well with the preoperative tissue thickness of 2.2-34.1 mm found in this study. Disruptions in this subcutaneous plane, particularly by breast-tissue containing Cooper's ligaments extending to the dermis should be considered and may contribute to the incidence of breast tissue observed much closer to the dermis on histological specimens. Given the variable nature of the location, thickness, and macroscopic appearance of this encapsulating breast fascia, great care must be taken intraoperatively to ensure that this proper plane is established and maintained throughout the mastectomy procedure. 47 In breast reconstruction, mastectomy flap quality has long been considered a primary, and perhaps the most important, factor contributing to ischemic postoperative complications. 9 This is an especially significant consideration is NSM during which the maximal breast skin envelope is preserved, including the NAC. Prior studies concerning NSM have attempted to evaluate flap thickness as a risk factor for complications. 25, 47 Both studies identified mastectomy flap thickness less than 5 mm as a significant risk factor for ischemic complications. 25, 47 However, neither study discusses the method of assessing intraoperative NSM flap thickness or the rationale for selecting 5 mm as a threshold value. 25, 47 MRI presents the opportunity to assess pre-and postoperative mastectomy flap thickness at multiple locations in a controlled setting. Moreover, comparisons between preoperative and postoperative measurements can be made. These represent advantages over intraoperative assessment at a single intraoperative time point as has been previously employed. 25, 47 Although NSM breast vascularity patterns on MRI have been studied, direct measurements of flap thickness using MRI has not yet been investigated. 48 We therefore sought to fully evaluate the impact of mastectomy flap thickness on outcomes in NSM utilizing MRI.
In greater than 1,000 NSMs, over 40% had pre-or postoperative MRI data available. NSMs were over six times more likely to have undergone preoperative MRI compared with postoperative MRI. This is not surprising, given the utilization of MRI in the management of breast cancer patients. Preoperative breast MRI may be utilized in breast cancer screening or in the diagnostic work-up of known breast cancer. 49, 50 Postoperative MRI after surgical management of breast cancer is less commonly utilized in infrequent cases of potential residual breast tissue or in the work-up of palpable masses. 51, 52 Overall, the average preoperative NSM flap thickness was 11.4 mm, whereas the average postoperative flap thickness was 8.7 millimeters, or 76.3% of the preoperative thickness. Although direct comparison of these groups is precluded, given the lack of postoperative MRI data for a significant portion of NSMs, this discrepancy foreshadows the finding that the ratio of preoperative to postoperative NSM flap thickness in NSM with both pre-and postoperative MRIs was only 68.2%. These results strongly suggest that the plane of dissection during the NSM was above the level of the superficial breast fascia, on average, by greater than 30%.
To evaluate the importance of these findings, the impact of mastectomy flap thickness on ischemic complications in NSM must be established. Notably, though preoperative thickness of the subcutaneous tissue layer was variable among patients based on MRI measurements, average thickness was observed to increase predictably moving from anterior to posterior (Fig. 3) . This information may be utilized to guide 3-dimensional intraoperative flap dissection. Moreover, utilizing preoperative measurements of NSM flap thickness, there was found to be no difference in overall flap thickness between those NSMs with and without ischemic complications. In fact, NSMs with ischemic complications were found to have a thicker average anterior mastectomy flap compared with NSMs with ischemic complications. Along with findings that postoperative NSM flap thickness is thinner on average than preoperative anatomic flap thickness, these results serve to further confirm that preoperative measurements are not reliable predictors of ischemic complications.
When postoperative MRI data were stratified by NSMs with and without ischemic complications, those with ischemic complications were found to have significantly thinner overall mastectomy flaps. This significant findings appear to have been particularly driven by thinner anterior and poster flap thicknesses in NSMs with ischemic complications. As would be expected, postoperative mastectomy flap thickness appears to more reliably forecast ischemic outcomes in NSM.
Utilizing these significant data, a mean value for NSM flap thickness about which data clustered for both NSMs with and without ischemic complications were recognized. This threshold value was identified as approximately 8.0 mm. NSMs with flap thickness less than 8.0 mm experienced significantly more ischemic complications, whereas flap thickness less than 8.0 mm was found to be an independent risk factor for ischemic complications. It is notable that this threshold value was greater than the 5.0 mm value utilized in prior studies. 25, 47 Therefore, NSM flaps thicker than the previous standard value of 5.0 mm still remain prone to clinically significant mastectomy and NAC ischemia. NSM flaps should be evaluated intraoperatively in all cases. Areas of flap thickness less than 8.0 mm warrant consideration for excision, as possible. Moreover, such NSM thickness may warrant less tissue expander fill or conversion from planned immediate implant to tissue expander reconstruction in implantbased breast reconstruction as well as for banking donorsite skin in autologous breast reconstruction. 53 Finally, the comparison between NSMs with both pre-and postoperative MRI data available revealed that postoperative NSM flap thickness was significantly thinner compared with preoperative anatomic breast flap thickness. This was true in the anterior, middle, and posterior breast planes and with regard to the overall averaged postoperative flap thickness, which, as discussed above, was 68.2% of the preoperative anatomic breast flap thickness. Within this group, there were no significant differences when postoperative NSM flap thickness was compared between those with and without ischemic complications. However, NSMs in this group with ischemic complications were found to have a postoperative flap thickness that was only approximately 50% as thick as the corresponding average preoperative anatomic breast flap thickness. This ratio of overall postoperative to preoperative flap thickness was significantly lower compared with the group without ischemic complications. Although each patient's unique breast anatomy will vary, this signifies the importance, regardless of absolute mastectomy flap thickness, of dissecting the breast at the level of the superficial fascia during the mastectomy to minimize risk of ischemic complications.
Limitations of this study include its retrospective nature. Ischemic complications were defined by methods of treatment and are therefore influenced by providers' choices in treatment. Follow-up time was also shorter in the group with preoperative MRI data available compared with the group with postoperative MRI data. This is predicted as patients who underwent postoperative MRI would be expected to have progressed further since their NSM. However, this follow-up compare favorably with the literature. 9, 43 Moreover, variations of physical positioning of the NAC precluded accurate measurement of the NAC thickness. Finally, mastectomy flap measurements were calculated postoperatively, given the nature of MRI timing and may therefore be influenced by postoperative skin and soft-tissue changes. Although these flap measurements primarily rely on the subcutaneous layer, there was minimal postoperative radiation in this cohort (3 cases) and multiple points of measurement were used per breast; however, these measurements still likely reflect some difference from actual intraoperative values. Correlation with intraoperative flap thickness measurements in a prospective manner is a future area of investigation.
In conclusion, utilizing MRI, thinner postoperative NSM flaps were found to be significantly associated with mastectomy flap and NAC necrosis. Postoperative NSM flap thickness less than 8.0 mm was identified as a positive independent risk factor of these ischemic complications. The ratio of overall postoperative to preoperative NSM flap thickness was significantly lower in reconstructions with ischemic complications, emphasizing the importance of dissection at the level of the superficial breast fascia during mastectomy. 
